Abstract Until recently, idiopathic pulmonary fibrosis (IPF) has been a devastating and generally fatal disease with no effective therapeutic. New developments in understanding the biology of the disease include a growing consensus that the lesions are mainly composed of cells that originated from resident fibroblasts. New developments in therapeutics include recommendations against several treatment regimes that have been previously used. On a positive note, the orally available drug pirfenidone has been approved for use in IPF in China, Japan, India, and the European Union, but not yet in the United States. Other possibilities for managing IPF include managing gastrointestinal reflux, and limiting excessive salt intake. A variety of potential therapeutics for IPF are in clinical trials; for instance, in a Phase 1b trial, intravenous injections of a recombinant version of the normal human serum protein Serum Amyloid P (SAP, also known as PTX2) improved lung function in IPF patients.
Introduction
Idiopathic pulmonary fibrosis (IPF), also referred to as usual interstitial pneumonia (UIP), is a devastating disease that, until recently, was essentially untreatable. Like asthma, it generally presents as shortness of breath, but the~130,000 IPF patients in the US tend to be older, have relatively few flare-ups, and show a steady decline in lung function with~80 % mortality 5 years after the initial diagnosis [1] . Chest X-rays show diffuse increased density in the lungs, and high-resolution CT scans show a honeycomb-like arrangement of dense tissue forming in the lungs, with increased density typically at the periphery of the base of the lung [2••] . The diagnosis, however, can be difficult and requires a careful exclusion of other possible lung diseases [2••, 3•] . Lung biopsies, the original gold standard for diagnosis (but now performed less frequently given the evolving role of high resolution CT scans, as well as the potential for this invasive diagnostic procedure to exacerbate lung damage) show scar tissue-like lesions in the alveoli that demonstrate the usual interstitial pneumonia pattern of relatively preserved lung tissue, established fibrosis, and intervening areas of active fibrogenesis called fibroblastic foci. There is a relatively small genetic component, and the lung function decline rate varies from patient to patient. Although some IPF is probably due to exposure to particulate irritants such as coal dust, the cause in many patients is unknown. Oxygen therapy and lung transplants remain a recommended treatment [2••] .
New Developments in the Biology of IPF

IPF Is One of Many Different Fibrosing Diseases
Fibrosis involves the inappropriate formation of scar tissue-like lesions in tissues. Examples of fibrosing diseases include endstage kidney disease, cardiac fibrosis, hypertrophic scarring, cirrhosis of the liver, and, of course, IPF. Fibrosis also occurs in asthma, causing a thickening of the airway walls [4] , whereas in IPF, the fibrosis is less in the airway walls and more around the alveoli. A growing awareness in the IPF field is that IPF has strong similarities to other fibrosing diseases. A 2009 Keystone meeting on fibrosis was, for some workers in the IPF field, their first chance to meet people working on related diseases such as cardiac and renal fibrosis. As with asthma, the consensus in the field is that fibrosis is due to an overreaction by a tissue defense/ repair mechanism to a relatively minor insult.
Specialized Profibrotic Macrophages Potentiate Fibrosis
In animal models, cells of the innate immune system also participate in fibrosis. Monocytes leave the circulation, enter the lesion, and can differentiate into macrophages. The current consensus is that, in rodents and humans, there are at least three basic types of macrophages [5•] : M1 macrophages participate in the defense against bacteria and participate in inflammation; alternatively activated (M2a) macrophages participate in fibrosis [6, 7•] ; while Mreg macrophages are regulatory and help to suppress inflammation and fibrosis [8] . A key problem in the macrophage field is that, until very recently, most workers lumped M2a and Mreg macrophages together into a category called M2, and much of the earlier literature does not distinguish between the very different M2a and Mreg macrophages.
Many of the Lesion Cells Appear to Originate from Resident Fibroblasts
The source of the cells that form fibrotic lesions has been an active area of research [9] . Many of the lesion cells have characteristics of mesenchymal cells, express unusual markers including α-smooth muscle actin, and secrete copious amounts of collagen and other extracellular matrix proteins [10] . Although epithelial cells can transform into mesenchymal cells during embryogenesis, recent studies indicate that this, or the transformation of endothelial cells into mesenchyme, is not the source of the majority of the cells in the fibrotic lesion [9, 11] . The role of epithelial cells in fibrosis seems to be to secrete signals that then activate resident fibroblasts. In addition to becoming macrophages, some monocytes can differentiate into fibroblast-like cells called fibrocytes [12] [13] [14] . Fibrocytes produce a small amount of collagen, are rarely observed in normal tissue, but are prevalent in hypertrophic dermal scars and fibrotic lesions [14, 15] . A key function of fibrocytes is to produce signals that activate resident fibroblasts [16] The current consensus model is that the lesions are mainly composed of resident fibroblasts that proliferate and secrete collagen in response to damage, where the damage is sensed by the fibroblasts themselves, epithelial cells, and immune system cells.
A Variety of Signals Mediate Fibrosis
In response to perceived damage, epithelial cells and/or macrophages secrete signals such as tumor necrosis factor-α (TNF-α), interleukin-1β, interleukin-13, and transforming growth factor-β (TGF-β) [17] . These and other signals then appear to activate resident fibroblasts to form the fibrotic lesions. A simplistic overview is that epithelial cells, resident fibroblasts, and immune system cells signal to each other and to themselves in a complex mechanism that evolved to initiate and promote wound healing, and that in fibrosis this mechanism is inappropriately activated (Fig. 1 ). An obvious, and unanswered, question is why the signaling persists in fibrosis and does not shut off as in normal wound healing. Compared to the variety of signals that promote fibrosis, relatively few signals have been found that counteract fibrosis. One such signal is interleukin-10, which is secreted by Mreg regulatory macrophages and other cells [18, 19] . As described below, a therapeutic that blocks fibrocyte and M2a macrophage differentiation, and potentiates Mreg macrophage differentiation, shows promise in clinical trials.
New Developments in the Treatment of IPF
Several Possible Therapeutics Should not Be Used to Treat IPF Patients
Although there is some association between IPF and thromboembolism [20] , treatment of IPF patients with warfarin increases mortality [21] . Until recently, many physicians Fig. 1 Diagram of the known and potential interactions among the key cell types that participate in fibrosis. Red semicircles indicate damage sensors. Arrows indicate known or potential signal interactions, which could be either stimulatory or repressive. Fibroblasts have the potential to proliferate, and these interactions evolved to have the capacity to do two quite different things. First, negative feedback loops must exist to maintain homeostasis and prevent fibroblasts from proliferating, or at least limit fibroblast proliferation to just replacing dead fibroblasts, in a healthy adult tissue such as the lung. Second, activating pathways evolved to allow damage or wounding (sensed by some combination of epithelial cells, the innate immune system, and fibroblasts) to trigger fibrocyte differentiation, fibroblast activation, and fibroblast proliferation, all of which participate in wound contraction and the formation of scar tissue. The system has thus had to evolve a tricky balancing act: remain quiescent in the absence of wounding, but respond quickly and vigorously when there is damage or wounding, and then stop the response when the damage has been repaired. Fibrosis appears to be a situation where this balancing act gets stuck in the repair mode. A probable scenario for fibrosis involves some sort of initial damage, a response from the innate immune system and resident fibroblasts, and then a positive feedback loop forming where, for instance, innate immune system cells activate fibroblasts, causing some sort of stress which is sensed by epithelial cells as damage, and these cells then activating the innate immune system. There are thus many possible targets to slow or stop this vicious cycle, and thus slow or stop fibrosis prescribed a combination of prednisone, azathioprine, and Nacetylcysteine [22] , but a clinical trail comparing the combination to placebo showed that the prednisone/azathioprine/Nacetylcysteine combination significantly increases mortality [23] . Recent guidelines also recommend against treating IPF with corticosteroids, colchicine, cyclosporine A, combination corticosteroid and immunomodulator therapy, interferon-γ, bosentan, or etanercept [2••] . Clinical trials with imatinib showed no improvement of IPF symptoms [24] , and trials of everolimus and ambrisentan showed both of these drugs worsening IPF symptoms [25, 26] .
Managing Gastrointestinal Reflux
Approximately 90 % of IPF patients also have gastrointestinal reflux [27] , and an intriguing possibility is that microaspiration of the refluxed material may cause a chronic lung injury that exacerbates and/or potentiates IPF [28] . A study of four IPF patients suggested that treatment of the gastrointestinal reflux stabilized or reversed the decline in lung function [29] , and a retrospective study indicated that patients who were being actively treated for reflux had a slower decline in lung function compared to patients who were not being treated for reflux [30] . Although a prospective study on managing acid reflux in IPF is clearly needed, managing acid reflux in IPF should be considered; an important caveat is that microaspiration of refluxed stomach contents may still occur and act as an irritant, even if the acidity is controlled with proton pump inhibitors or H 2 histamine receptor antagonists [28] .
Managing Salt Intake
Excessive NaCl (salt) intake is associated with cardiac and renal fibrosis [31] . Although salt is generally thought of as being deleterious due to its effect of increasing blood pressure, in some cases salt appears to promote fibrosis in the absence of an effect on blood pressure [32] [33] [34] [35] . We found that, in culture, NaCl promotes the differentiation of human monocytes into fibrocytes, and also inhibits the ability of the serum protein serum amyloid P (described in more detail below) to inhibit fibrocyte differentiation [36] . Based on the combined results, as with most people, healthy or not, helping an IPF patient to limit excessive salt intake should be useful.
Sildenafil Is Useful in IPF Patients with Right Ventricular Hypertrophy or Right Ventricular Systolic Dysfunction
One effect of sildenafil (Viagra) is to improve blood flow into the lungs, and sildenafil is used to treat pulmonary artery hypertension [37] . In a clinical trial with IPF patients, sildenafil did not significantly improve exercise capacity, but it did improve dyspnea and quality of life [38] . However, in the subset of IPF patients in this trial who had right ventricular hypertrophy or right ventricular systolic dysfunction, sildenafil did significantly reduce the IPF-associated decline in exercise capacity [39••] .
Pirfenidone Has Been Approved as a Therapeutic for IPF in Europe, Japan, India, and China Pirfenidone is a small molecule drug (the backbone resembles two connected benzene rings). It was originally discovered as having analgesic and anti-inflammatory activity, and was then found to be efficacious in animal studies as an orally available anti-fibrotic [40] . Pirfenidone appears to inhibit fibrosis by regulating a remarkably broad array of pathways, including inhibiting cell proliferation, T-cell activation, collagen production, TGF-β1 signaling, and the production of a variety of cytokines including TNF-α, interferon-γ, and basic fibroblast growth factor, while increasing production of the antiinflammatory cytokine interleukin-10 [41] . There have been three Phase III clinical trials of pirfenidone, one in Japan and two in the US. The trials resulted in approval of pirfenidone for use in IPF in Japan, China, India, and Europe, but because of mixed results in the two US trials [42, 43] , the US FDA declined to approve pirfenidone. Some patients taking pirfenidone experience side effects including liver enzyme abnormalities, nausea, diarrhea, dizziness, photosensitivity, and rashes [41, 44] .
Serum Amyloid P (PTX2) Improved Lung Function in a Small Clinical Trial
While looking for factors secreted by human white blood cells, we noticed that, in serum-free culture conditions, some monocytes differentiate into fibrocytes. The differentiation is inhibited by serum, and we isolated the inhibitor from human serum and identified it as Serum Amyloid P (SAP, also known as PTX2) [45] . Since fibrocytes contribute to fibrosis, we tested SAP injections in mouse and rat models of pulmonary fibrosis, and in a mouse model of cardiac fibrosis [46, 47] . In all three cases, SAP injections prevented fibrosis, and in the rat pulmonary fibrosis model, SAP injections improved lung function in animals with an established fibrosis. Subsequent tests in animal models of renal fibrosis, asthma, radiationinduced fibrosis, and experimental autoimmune encephalomyelitis showed that SAP can prevent fibrosis [48] [49] [50] [51] [52] , and in a mouse model of pulmonary fibrosis, SAP also improved lung function in an established disease [53] . Since fibrocytes participate in wound healing, SAP injections, as expected, slowed dermal wound healing in mice [54] .
SAP is a constitutive component of serum, with levels ranging from 10 to 60 μg/ml [55] . Patients with keloid scars (a dermal fibrosis) have normal serum levels of SAP, but their monocytes tend to be abnormally insensitive to the ability of SAP to inhibit fibrocyte differentiation [56] . Patients with IPF or kidney disease tend to have low serum SAP levels [48, 53] . Together, these results suggest that, for some fibrosing diseases, low SAP levels, or a decreased ability of SAP to inhibit fibrocyte differentiation, may contribute to the disease.
In addition to inhibiting the differentiation of monocytes into fibrocytes, SAP has several other properties which could be useful for its use as an antifibrotic. First, SAP binds to a variety of debris molecules such as chromatin, DNA, and apoptotic cells, and helps phagocytes to clear the debris [57] [58] [59] . Since debris could act to induce local inflammation, clearance of debris should counteract this source of a localized insult. Second, SAP promotes the differentiation of Mreg macrophages [8, 48, 50] . Finally, SAP inhibits neutrophil adhesion to basement membrane components, and, in a mouse model, SAP injections inhibited neutrophil influx into the lungs in a mouse model of early-stage IPF [60] . A Phase I trial of single doses of intravenous recombinant human SAP showed no significant adverse events [61] , and a preliminary report of a Phase 1b trial of intravenous injections of recombinant SAP (14 patients treated with SAP, 6 treated with placebo) on days 1, 3, 5, 8, and 15 indicated that SAP injections caused improvements of forced vital capacity, FEV1, and distance in a 6-min walk test at day 57 [62] .
A Variety of Potential Therapeutics for IPF Are in Clinical Trails
Several clinical trials are currently underway using, as a potential therapeutic, antibodies against cytokines that promote fibrosis, such as TGF-β1, connective tissue growth factor, IL-4, and IL-13 [63, 64] . Other trials target a variety of other pathways, such as angiogenesis, collagen synthesis, and growth hormone. A Phase II trial of the orally-available kinase inhibitor nintedanib (BIBF1120) showed that this drug significantly slowed the decline in lung function in IPF patients [65] , and Phase III trials are underway. One of the more interesting trials is the use of brief exposure to inhaled carbon monoxide. At the time of writing (mid-June 2013), a search of clinicaltrials.gov showed 34 clinical trials actively recruiting for IPF, and, of these, 17 are testing a possible therapeutic.
Conclusions
Significant advances are being made in understanding the mystery of how scar tissue starts forming in the lungs of IPF patients. New therapies include pirfenidone, and for a subset of IPF patients, sildenafil may be useful. Managing reflux and salt intake are also simple possibilities that a physician might consider. Finally, a variety of clinical trials hold promise for additional therapeutics for IPF.
